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ABSTRACT 

We have studied the effects of various initial mass functions (IMFs) on the chemi¬ 
cal evolution of the Sagittarius dwarf galaxy (Sgr). In particular, we tested the effects 
of the integrated galactic initial mass function (IGIMF) on various predicted abun¬ 
dance patterns. The IGIMF depends on the star formation rate and metallicity and 
predicts less massive stars in a regime of low star formation, as it is the case in dwarf 
spheroidals. We adopted a detailed chemical evolution model following the evolution 
of a-elements, Fe and Eu, and assuming the currently best set of stellar yields. We also 
explored different yield prescriptions for the Eu, including production from neutron 
star mergers. Although the uncertainties still present in the stellar yields and data pre¬ 
vent us from drawing firm conclusions, our results suggest that the IGIMF applied to 
Sgr predicts lower [a/Fe] ratios than classical IMFs and lower [hydrostatic/explosive] 
a-element ratios, in qualitative agreement with observations. In our model, the ob¬ 
served high [Eu/O] ratios in Sgr is due to reduced O production, resulting from the 
IGIMF mass cutoff of the massive oxygen-producing stars, as well as to the Eu yield 
produced in neutron star mergers, a more promising site than core-collapse super¬ 
novae, although many uncertainties are still present in the Eu nucleosynthesis. We 
find that a model, similar to our previous calculations, based on the late addition 
of iron from the Type la supernova time-delay (necessary to reproduce the shape of 
[X/Fe] versus [Fe/H] relations) but also including the reduction of massive stars due 
to the IGIMF, better reproduces the observed abundance ratios in Sgr than models 
without the IGIMF. 

Key words: stars: abundances - galaxies: abundances - galaxies: dwarf - galaxies: 
evolution - galaxies: formation - Local Group. 


1 INTRODUCTION 

The Sagittarius (Sgr) dwarf galaxy was the last classi¬ 
cal dwarf spheroidal (dSph) discovered before the advent 
of t he Sloan D igital Sky Survey. Its discovery was made 
by llbata et al.l dl994ll and it was identified while perform¬ 
ing a spectrosc opic radial veloc ity survey of the Galac¬ 
tic bulge stars (llbata et al.l 119971). Its helioce ntric distance 
(Dq = 26 ± 2 kpc, from Simon et al.ll20llh makes it the 
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second closest known satellite galaxy of the Milky Way 
(MW) and, because of the strong tidal interaction suf¬ 
fered by the Sgr dSph du ring its orbit, it has left behind a 
well- k nown stellar stream (llbata et al.ll200H ; iMaiewski et all 
120031 ; iBelokurov et al.l 120061 1 . whose chemical characteris¬ 
tics have been recently studied and compared with the 
ones of the Sgr ma in body and other dSph galaxies by 
Ide Boer et alj d2014l l. The Sgr dwarf galaxy has been classi¬ 
fied as a dSph because of its very low centra l surface bright¬ 
ness (uv = 25.2 ± 0.3 mag arcsec -2 , from IMaiewski et aid 
12003d) . its very small total amount of gas (Mm.obs ~ 10 4 M 0 , 
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from lMcConnachiell2012l ') and because of the age and metal- 
licity of its main stellar population, which dates back to 
the age of the Universe and it is on average very iron poor. 
Chemical abundances in Sgr have been meas ured by many 
authors up to now fsee lLanfranchi et al.ll2006l and references 
therein). Most of these studies have shown that the abun¬ 
dance patterns in Sgr are different than those in the MW. 

This work aims at testing the suggestions of 
iMcWilliam et all (l2013h . which claimed that the a-element 
deficiencies observed in the Sgr dSph galaxy canno t be ex¬ 
plained only by means of the time-delay model dTinslevI 
1 19791 : iGreggio fe Renzinil Il983l : IMatteucci fe Greggiol Il986f l 
but they rather result from an initial mass function (IMF) 
deficient i n the h i ghest mass stars . On the other hand, 
lLanfranchi fe Matteuccil (|2003l . 120041 ') suggested that the low 
values of the [a/Fe] ratiofl as observed in dSphs, can be 
interpreted as due to the time-delay model (a-elements pro¬ 
duced on short time-scales by core-collapse SNe and Fe by 
SNe la with a time dela y) cou pled with a low star formation 
rate (SFR), assuming a Salpeteil (119551 1 IMF. 

IMcWilliam et all (l2013h also suggested that the Eu 
abundances in the Sgr galaxy might be explained by 
core-collapse SNe, whose progenitors are stars less mas¬ 
sive than the m ain oxygen pr o ducer s, as previously en¬ 
visaged also by IWanaio et al.l (120031) . Since many stud¬ 
ies of nucleosynthesis have pointed out the difficulty 
of producing r-proc ess elements during SN explosions 
dArcones et al.l 120071 1, in this work, we test different sce¬ 
narios for the Eu production, both the one in which Eu 
is produced by core-collapse SNe and the most recent 
one, where the Eu is synthesized in neutron star merg¬ 
ers (NSMs. iKo robkin et aid120121: iTsuiimoto fe Shigevamal 


12014 : IShen et all 2014 ; van de Voort et al. 2015il . The latter 
scenario was recently explor ed in the context of a detailed 
chemical evolution model by IMatteucci et~ahl d2014l l . where 
they were able to well match the [Eu/Fe] abundance ratios 
observed in the MW stars. 

Here, we study the detailed chemical evolution of Sgr by 
comparing the effect of the integrated g alactic initial mass 
function (IGIMF, in the formulation of lRecchi et al. 20l4 
hereaf ter R 14) with the pred ictions of the canonical Salpeteil 
(Il955ll and IChabrierl (120031 ') IMFs. The main effect of the 
metallicity-dependent IGIMF of R14 is a dependence of the 
maximum possible stellar mass, that can be formed within 
a stellar cluster, on the [Fe/H] abundance and on the SFR, 
especially if the latter is very low. Since the dSphs turn 
out to have been characterized by very low SFRs, the effect 
of the IGIMF on their evolution is expected to be impor- 
tant. In this way, we w ill be able to test if the hypothesis of 
IMcWilliam et al.) (l2013h is correct. 

In the past, the effect of the IGIMF in the chemical evo¬ 
lution of ellipt ical galaxies h a s been studied bv lRecchi et al.l 
(l2009ti . while ICalura et al.l d2010li modelled the chemical 
evolution of the solar neighbourhood when assuming the 
IGIMF. The originality of this work resides also in the fact 


1 We adopt the following notation for the stellar chemical abun¬ 
dances: [. X/Y } = log 10 (N X /N Y )* - log 10 (N x /N Y ) Q , where N x 
and Ny are the volume density number of the atoms of the species 
X and Y, respectively, and we have scaled the st ellar abundances 
to the solar abundances of lAsplund et ahl d2009tl . 


that we test the effect of a metallicity-dependent IMF, a 
study never done before in the framework of a detailed chem¬ 
ical evolution model. As a further element of originality, we 
include for the first time the Eu from NSMs in a chemical 
evolution model of a dSph galaxy. 

Our work is organized as follows. In Section [2] we de¬ 
scribe the metallicity-dependent IGIMF formalism that we 
include in our models. In Section (3j the data sample is pre¬ 
sented. In Section [4] we describe the chemical evolution 
model adopted for the Sgr dSph and in Section 0 we show 
and discuss the results of our study. Finally, in Section [6] 
we summarize the main conclusions of our work. 


2 THE INTEGRATED GALACTIC INITIAL 
MASS FUNCTION 


Following _ Kroupa fe Weidnerl (120031 4 and 


IWeidner fe Kroupal ( 20051 1 the IGIMF is defined by 
weighting the classical IMF, </>(m ), with the mass distribu¬ 
tion function of the stellar clusters, £ e ci(M ec i), within which 
the star formation process is assumed to take place: 


£iGiMF(m, tp(t), [Fe/H]) 


r^e cl, max WW) 
' -^ecl.min 


dM ec \^ ec i(M ec i)4>{m ^ m ] 


[Fe/H]). 

( 1 ) 


The IGIMF is normalized in mass, such that 



dmm £igimf {m, tp(t ), [Fe/H]) 


= 1 . 


The functional form of the IGIMF that we test in this work 
depends both on the SFR and on the [Fe/H] abundance of 
the parent galaxy, following the mild model of R14. The 
IGIMF is based on the following assumptions, based on ob¬ 
servations. 


(i) The mass spectrum of the embedded stellar clusters is 
assumed to be a power law, £ ec i oc M~f, w ith a slope 
/3 = 2 dZhang fe Falll Il999l : iRecchi et all 1200^ 1 . In accor¬ 
dance with the mass of the smallest star-forming stellar 
cluster known (the Tauris—Auriga aggregate), we assumed 
M e ci, min = 5 Mg, whereas the upper m ass li mit of t he em¬ 
bedd ed cluster is a function of the SFR dWeidner fe Kroupal 
I2004H : 

log M ec i max = A + B log / (t) , (2) 

Mgyr- 1 

with A = 4.83 and B = 0.75. 

(ii) Within each embedded stellar cluster of a given mass 
M e ci and [Fe/H] abundance, the IMF is assumed to be in¬ 
variant. In our study, we assume an IMF which is defined as 
a two-slope power law: 


Am ai for 0.08M 0 sSm< 0.5 Mq 
9V> \ Bm- a2 for 0.5 Mq ^ m < rn max , { > 

where on = 1.30 and Q 2 = 2.35 as in the original work of 
IWeidner fe Kroupal d2005li . and a .2 = 2.3 + 0.0572 • [Fe/H] in 
the mild formulation of R.14. The lat ter relation w a s adap ted 
by R14 from the original work of iMarks et al.l d2012f ). It 


© 2015 RAS, MNRAS 000,[[]{T6] 








































































































The IGIMF in dSphs 3 


turns out from equation 0 that the overall [Fe/H] depen¬ 
dence entirely resides in the slope of the IMF of the high- 
mass range. The maximum stellar mass m m ax that can oc¬ 
cur in the cluster and up to which the IMF is sampled, 
is calculated according to the mass of the embedded clus¬ 
ter, M e ci; furthermore, m max must be in any case smaller 
than the empirical limit, which here has been assumed t o 
be 150 Mg (see, for more details. TWeidner fo Kroupall2004lh 
The m ma x— M ec \ relation is simply due to the fact that, in 
the case of very low SFRs, the small clusters may not have 
enough mass to give rise to very massive stars; on the other 
hand, in the case of large SFRs, the maximum possible mass 
of the embedded clusters may be very large and so very mas¬ 
sive stars are able to originate (see R14). So m m ax depends 
both on the SFR and, to a lesser extent, on the [Fe/H] abun¬ 
dance of the parent galaxy. 

It is worth remarking that recent studies ([Weidner et al.l 
l201ll ; iKroupa et al.l [200 ; IWeidner et al.lboTij ) suggest that 
the star cluster IMFs can become top-heavy at SFRs larger 
than ~ 10 Mg yr -1 . This range of SFRs is clearly out of 
reach for Sgr, therefore we have neglected this modification 
of the IGIMF theory in our study. 

In b ig. Q] we show what is the effect of the dependence of 
the IGIMF upon the SFR. For very low SFRs (< 1 Mgyr -1 ), 
the IGIMF turns out to be very much truncated and the 
maximum mass that can be formed strongly depends on the 
SFR.. This is due to the fact that, in galaxies with a low SFR, 
the mass distribution function of the embedded clusters is 
truncated at low values of M ec i (see equation 0 and small 
embedded clusters cannot produce very massive stars. 

In Fig. m we illustrate how rn max is determined both 
by the SFR and by the [Fe/H] abundance. The effect of the 
[Fe/H]-dependence is clearly opposite to that of the SFR- 
dependence. As time passes by, one would expect that the 
iron content within the galaxy insterstellar medium (ISM) 
increases; so, in this formulation, if the SFR is constant, 
the maximum stellar mass that can be formed within each 
embedded cluster is expected to decrease in time. In any 
case, it is worth noting that the dependence of m max upon 
the SFR is much stronger than the dependence upon [Fe/H] 
when the SFRs under play are extremely low. 


3 DATA SAMPLE 


W e use the data se t of chemical abundances from the works 
of Bonifacio et al.l 


. .. Sbordone et al.l d2007h and 

iMcWilliam et al.l ll2013h . IBonifacio et al.l ^ 2000t) derived the 


abundances of many chemical elements for two giant stars 
in Sgr, observed with the high-resolution Ultraviolet and 
Visual Echelle Spectro graph (UVES) at the Kueyen-Very 
Large T elescope (VLT). IBonif acio et all (l2004f) did a similar 
work as IBonifacio et al.l ( 2000l h including the two stars pre¬ 
viously analysed. From the former work we took the abun¬ 
dances of Eu, while f rom the latter o n e we took the abun¬ 
dances of Mg and O. ISbordone et al.l (120071 1 presented the 
chemical abundances of 12 red giant stars belonging to the 
Sgr main body and the chemical abundances of five red gi¬ 
ant stars belonging to the Sgr globular cluster Terzan 7, ac¬ 
quired with the UVES at the European Southern Observa¬ 
tory (ESO) VLT. lMcWilliam et al.l (l2013l l derived the abun¬ 
dances of several chemical elements from high-resolution 



Figure 1. In this figure, we show the predicted IGIMF, £igimFi 
as a function of the stellar mass m in the case of solar iron abun¬ 
dance and for various SFRs: from ip(t) = 10 —6 Mqvc' 1 up to 
ij>(t) = lMgyr -1 . The net effect of lowering the SFR is to trun¬ 
cate the IGIMF towards lower stellar masses. 



Figure 2. This figure shows how the maximum stellar mass (on 
the j/-axis) varies as a function of the SFR (on the x-axis) and as 
a function of the [Fe/H] abundance (colour-coding: from —7 dex 
up to 1 dex). Increasing the [Fe/H] abundance has an opposite 
effect on m max with respect to the increasing of the SFR. 


spectra of three stars lying on the faint red giant branch 
of M54, which is considered the most populous globular 
cluster of Sgr, lying in the densest regions of the galaxy. 
I Me William et all (l2013h acquired the spectra using the Mag¬ 
ellan Echelle spectrograph (MIKE) and their three stars 
were confi rmed from their kinem a tics to belong to the Sgr 
galaxy by iBellazzini et al.l (l2008l l . I Me William et all (12013 ) 
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Figure 3. In this figure, we compare the temporal evolution of the 
SFR as predicted by assuming the metallicity-dependent IGIMF 
of R14 (black solid line) wit h the same quantity pre dicted by 
assum ing the ISalpeteil dl955l , dotted line in red) and IChabriei] 
(120031 , blue dashed line) IMFs. The trend of the SFR traces that of 
the gas mass content within the galaxy. In all the cases considered 
here, the SFR is always much lower than lMQyr -1 . Notice that 
the various curves almost overlap. This is due to the fact that the 
IMF has little effect on the global mass budget. 


found their c hemical abundances o f Eu a nd Mg consistent 
with those of lBonifacio et al] (|20001 . 120041 ). 


4 THE CHEMICAL EVOLUTION MODEL 


4.1 The general model for dSphs 

In this work, we use a sim i lar nu merical code as described 
in Lanfr anchi fe Matteuccil (|2004l) and then adopted also in 
Lanfranchi et al. ( 20061) . The Sgr dSph is assumed to as¬ 
semble from infall of primordial gas into a pre-existing dark 
matter (DM) halo, in a relatively short typical time-scale. 
The infall gas mass has been set to Mi n f = 5.0 x 10 8 Mg 
and the infall time-scale has been set to Tj n f = 0.5 Gyr, 
following the results of iLanfranchi et all (l2006i ). We as¬ 
sume Sgr to have a massive and diffuse DM halo, with 
a mass Mdm = 1.2 x 10 s Mg (IWalker et al.l 20091) and 
S = tl/^dm = 0.1, where rL = 1550 pc ( Walker et al.ll2009l ~) 
represents the effective radius of the baryonic matter and 
r D M is the core radius of the DM halo. We need the lat¬ 
ter quantities in order to compute the potential well of the 
gas and the time of the onset of the galactic wind, which is 
triggered by the energy released into the ISM by the stellar 
winds and by the core-collapse (Type II, Type lb , T ype Ic) 
and Type la SNe (see, for more details, iBradamante et al.l 


Figure 4. Given the temporal evolution of the SFR and of the 
[Fe/H] abundance predicted by our chemical evolution model, this 
figure reports how the maximum stellar mass that can be formed 
at every time t evolves as a function of the time itself, when assum¬ 
ing the metallicity-dependent IGIMF of R14. It is clear how much 
the truncation becomes important when the IGIMF is adopted in 
a detailed chemical evolution model of a galaxy with very low 
SFRs. 


ll99Sl and I Yin et al ] m3). Once the wind has startec0, the 
intensity of the outflow rate is directly proportional to the 
SFR. 

The galaxy is modelled as a one-zone within which 
the mixing of the gas is instantaneous and complete and 
the stellar lifetimes are taken into a ccount. We incl ude the 
metallicity-dependent stellar yields of Karakas ( 201(1 1 for the 
low- and intermediate-mass stars. For massive stars, we as¬ 
sume the He, C, N and O stel l ar yiel ds at the variou s meta l- 
licities of iMevnet &; Ma ederl (l2002f ). iHirschi et alj (1200, ill . 
iHirschil (12007 1 and Ekstrom et al. (12008 ) and , for heavier 
elements, the yields of Kobayashi et al jl 20061 1 . Finally, we 
include the yields of llwamoto et al~l ~( 19991) for the Type la 
SNe. W e assum e the same stellar yi elds as lMatteucci et al .1 
(I2014I . see also iRomano et al.l l2010l for a d etailed descrip¬ 
tion) . It is worth noting that the yields of IRomano et al.l 
(120101) have been selected because they are, at the present 
time, the best in order to reproduce the abundance patterns 
in the solar vicinity. 

We test in our model, separately, three different Eu nu- 
cleosynthetic yields: 


(i) the yields of lCescutti et all (120061 . model 1, table 2), in 
which the Eu is produced by core-collapse SNe, whose pro¬ 
genitors are massive stars with mass in the range M = 12- 
30 M 0 ; 


2 In our model, the galactic wind develops when the thermal 
energy of the gas exceeds its binding energy to the galaxy. 
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Figure 5. In this figure, the predicted age-metallicity relation 
is shown. The y-axis reports the [Fe/H] abundance of the galaxy 
ISM as predicted by our chemical evolution models, while the re- 
axis reports the time in Gyr since the beginning of the galaxy 
evolution. The iron content within the ISM increases very steeply 
in the first billion years, then its trend flattens. The different 
IMFs considered in this work predict very similar age-metallicity 
relations. We remark on the fact that the [Fe/H] abundance in 
this figure refers to the abundance in the ISM; if one wants to 
see how many stars formed at a given time and therefore at a 
given [Fe/H] of the ISM, one should look at the stellar MDF (see 
Section 0 The lines correspond to the same IMFs as in Fig. 0 


(ii) the y ields of|lshitnarti_eL_alJ d2004Tl . which can be found 

tabled in lCescutti et all ( 20061 . model 4, table 2), where the 
Eu is produced by massive stars with mass in the range 
M = 8-10 Mq, exploding as core-collapse SNe ; _ 

(iii) the yield prescriptions of lMatteucci et ahl (120141 '). where 
we address the reader for details, for the Eu produced by 


NSMs. E 
fig. 6 of 


The first case we tes t is the model ModSNS' (see 


Matteucci et al.ll2014l ~). where we assume that the 
Eu mass per NSM event is Mb u ,nsm = 3.0 x 10 -6 Mq; 
the progenitors of neutron stars lie in the range 9-50 Mq; 
the fraction of binary systems in this mass range becom¬ 
ing NSMs is onsm = 0.02, and the time delay for NS co¬ 
alescence is AfNSM = 1 Myr (we check also 100 Myr as 
shown in Section [5.II) . Moreover, we test also a model with 
Meu.nsm = 10 -5 Mq per merger event, and the other pa¬ 
rameters being the same as Mod3NS / . This value of the Eu 
yield is in agreement with the results of recent calculation s 

dBauswein et al.ll2014l : I Just et ahll2015l : IWanaio et al.ll2014h . 

If M g} i(t) is the gas mass in the form of an element i 
at the time t within the ISM, the following basic equation 


3 Note that becau s e of a typo mistake, the correct yield of Eu 
in iMatteuc ci et all (|20 1 4| ) was 3.0 X 10 —6 Mq instead of 3.0 X 
10~ 7 Mq (see I Matteucci et alj|2015h . 


Figure 6. This figure reports the core-collapse SN rate predicted 
as a function of the time. Because of the truncation of the IGIMF, 
the core-collapse SN rate predicted by the IGIMF is always lower 
than the one predicted by the classical IMFs. The lines correspond 
to the same IMFs as in Fig. 0 


describes its temporal evolution in our chemical evolution 
model: 

Mg,i — — 1p(t')Xi(t') + -Ri(t) T (Mg,i)inf — (Mg,i)out- (4) 

The quantity V;(f) = M gi i(t)/M gas (t) is the abundance by 
mass of the element i, with JT Xi(t) = 1 and M gas (t) being 
the total gas mass of the galaxy at the time t. The first term 
in the right hand side of equation 0 represents the rate of 
subtraction of the gas mass in the form of an element i be¬ 
cause of the star fo rmation activity , with the SFR following 
the classical law of I Schmidt] d 19591 1: 

*‘>-(tSpL (5) 

where u is the so-called star formation efficiency, expressed 
in [Gyr -1 ], and k = 1. Ri(t) in equation 0 represents 
the ejected mass in the form of an element i returned per 
unit time by stars in advanced stages of their evolution. All 
the prescriptions concerning the stellar yields and supernova 
progenitor models are contained in this term. 

The third term in equation 0, (M g ,i); n f, represents the 
rate of accretion of the element i during the infall event. 
Since the gas has initially a primordial chemical composi¬ 
tion, we assume that A'^inf = 0 for heavy elements. The 
infall event is assumed to follow a decaying exponential law 
with i~i n f as typical time-scale. The last term in equation 
0 represents the outflow rate in the form of an element i, 
which is assumed to obey the following law: 

(Mg,i)°ut = cji ip(t) = w* ■ {y Mgas) = A i M gas , (6) 

where Ai = v ■ is the so-called efficiency of the galactic 
wind for a given element i (in units of Gyr -1 ) which is the 
same here for all the chemical elements (Ai = A). 
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Figure 7. In this figure, we compare the Type la SN rate as a 
function of the tim e. The integrated number of SNe la predicted 
with the IChabrieil il'200-jl ) IMF turns out to be the largest one. 
The lines correspond to the same IMFs as in Fig. [3] 


4.2 The model for Sagittarius 

In th is study we follow the results of lLanfranchi et all 
(120061 1 . which provide an estimate of the parameters of the 
chemical evolution model for Sgr able to reproduce the ob¬ 
servational data. They found that Sgr should have been 
characterized by intermediate values of the star formation 
efficiencies u, included between 1 and 5 Gyr” , and by in¬ 
tense galactic winds, with efficiencies A varying between 9 
and 13 Gyr -1 . lLanfranchi et al. (2006) assumed a constant 
ISalpeteil (119551 ') IMF. 

In accordance to the observations, we assume that Sgr is 
composed of two distinct stellar populations, one of old age 
> 10 Gyr (the bl ue hor izontal branch population discovered 
bv lMonaco et al] 12003 ) and one of intermediate age, which 
date b ack to 8.0T1.5 Gyr (th e so-called Population A, stud¬ 
ied by iBellazzini et all 120061 '). So we adopt for the galaxy a 
star formation history with two separate episodes, the first 
one occurring between 0 and 4 Gyr since the beginning of the 
galaxy evolution, the second one between 4.5 and 7.5 Gyr. 
Thus, according to these observational evidences, the star 
formation is set to zero outside those time intervals. During 
the star formation episodes, the SFR follows the Schmidt 
law (see equation [5]). 

In order to test what is the effect of the IGIMF in 
the framework of a detailed chemical evolution model, we 
fix the following values for the parameters of the model: 
v = 3 Gyr” 1 and A = 9 Gyr” 1 , which are the best pa¬ 
rameters found by lLanfranchi et all d2006l ). We then com¬ 
pare the results obtained by assuming the IGIMF w i th the 
ones obtained by as suming the canonical Sal peterl (Il955l ) 
and IChabrieil d2003h IMFs. The ISalpeterl ll 19551) IMF is a 


Figure 8. In this figure, we compare the stellar MDF as predicted 
by the various models. The theoretical MDFs have been smoothed 
with a Gaussia n function having a = 0.2. The IGIMF and the 
ISalpeteil d 1955h IMF predict the MDF to peak at [Fe/H]=-0.48 
dex and [Fe/H]=-0.51 dex, respectively, in agreem ent with th e 
mea n value (\Fe/H] ) = — 0.5 ±0.2 dex, measured by I Cold (1200 ll) . 
The lChabrierl (| 2003 ) predicts the peak to occur at [Fe/H]=-0.26 
dex. The lines correspond to the same IMFs as in Fig. [3] 


single-slope power law, which has the following form: 

(j>{m) oc ra -2 ' 35 , for 0.1 ^ ™ < 100, (7) 

M 0 

whereas the IChabrieil (|20031 ) has a log-normal distribution 
function for low-mass stars: 


(f)(m) oc 


i exp(- ^)-^°-° re » 2 ), for 0T < ^ < 1 

m” 2 3 , for 1 ^ v-p- < 100. 

M © 

(8) 


In our chemical evolution model the minimum possible stel¬ 
lar mass is Mi ow = 0.1 Mg, whereas the maximum possible 
stellar mass is M up = 100 Mg; so, if the maximum stellar 
mass of the IGIMF turns out to be larger than M up , we set 
it at the maximum possible value of 100 Mg. The reason for 
that resides in the fact that stars more massive than 100 Mg 
have a negligible effect in any IMF and it is difficult to find 
yields for them in the literature. 


5 RESULTS 

This work is based on the chemical evolution model de¬ 
scribed in Section [4] and our aim is to investigate the effect 
of three differen t IMFs: the canonical ISalpeteil lll955l) . the 
IChabrieil (|200.ll ) IMF and the metallicity-dependent IGIMF 
of R14. 

The galaxy is always predicted to possess at the present 
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Figure 9. In thi s figure, 

line) and by the ISalpeten ( 195^ _ / _ ^ 

(120001 , 1 2004] , blue squares), Sb or done et al.1 (1 20071, grey triangles) an d 


ort the [a/Fe] versus [Fe /H] abundance r atio patterns as predicted by the IGIMF of R14 ( black solid 
dashed line in r ed) and IChabrieil l2003|, blue dashed line) I MFs. The data are from iBonifacio et alJ 

McWilliam et al.l (| 20 1 .1 magenta stars). The trend can be easily 


explained by means of the time-delay model ^Matteucci fc Brocatolll99(]l : lMatteuccT*fcRecchill20nii : lLanfranchi fc Matteuccill2004h and 
by looking at the core-collapse and Type la SN rates in Fig. [6] and [3 respectively. The lines correspond to the same IMFs as in Fig. QT] 


time a very small total amount of gas. In parti cular, the 
total H i mass results A/hi ~ 1.8 x 10 4 Mq w ith the Chabrierl 
(120031) IMF, A/hi « 1.3 x 10 4 Mq with the ISalpeterl ( 19551 ") 
IMF and A/hi ~ 1.8 x 10 4 Mq with the IGIMF. All the latter 
quantities are almost in agr eement with the upper limit of 
the total Hi mass derived bv lKoribalski et al.l (1 1994)1 . which 
is A/m,obs ~ 10 4 Mq. 


The model with the IGIMF predicts the largest fi¬ 
nal total stellar mass for the galaxy, wh ich is M j, fi u ~ 
1.1 x 10 s Mm . In fact, the model with the ISalpeterl ( 1955l l 
and IChabrieil (l2003ll IMFs predict A/*,fl n ~ 7.9 x 10 7 Mq 
and ss 5.2 x 10' Mq, respectively, which have the 

same order of magnitude of the observed tot al stellar mass 
Mi, ~ 2.1 x 10 7 Mq (see lMcConnachIell2012l and references 
therein). In this study, we have neglected the fact that Sgr 
has lost many stars after its SF ceased; this may explain why 
the actual stellar mass predicted by our chemical evolution 
models is larger than the present-day observed mass. 


The model with the IGIMF predicts the galactic wind 
to develop for t he first t i me at /gw = 3 0 Myr wh i le the 
model with the ISalpeterl (Il955l ] and the IChabrieil (120031 ] 
IMFs predict the onset of the galactic wind at /gw = 25 
and 20 Myr, respectively. Since we assume the SFR to pro¬ 
ceed since the beginning, the retarded onset of the galactic 
wind with the IGIMF is likely due to the strong trunca¬ 
tion of IGIMF itself, which inhibits the formation of very 
massive stars, the ones having the shortest typical lifetimes 
and exploding as core-collapse supernovae. This can be con¬ 
firmed by the intensity of the SFRs under play; if they are 
Sj lMgyr -1 , then the truncation is important. By looking 
at Fig. [3] where the predicted trend of the SFR is plotted 
as a function of time, it turns out that the predicted SFRs 
in Sgr are always much lower than 1 Mgyr -1 . The temporal 
evolution of the maximum stellar mass that can be formed 
during the star formation activity, in the case of the IGIMF, 
is shown in Fig. [4] The steep increasing trend of m ma x at 
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Figure 10. In this figure, we study the effect on the predicted [a/Fe] versus [Fe/H] abundance pattern of suppressing Type la SNe. The 
dotted lines correspond to the model with the inclusion of Type la SNe, while the solid lines represent the model when the contribution 
of Type la SNe has been suppressed. The dotted lines correspond to the same IMFs as in Fig. [9] 


the beginning is due to the rapid increase of the SFR during 
the initial infall event. Then, m ma x decreases because of the 
declining SFR. The [Fe/H] dependence is crucial during the 
initial infall event, when the [Fe/H] abundance rapidly in¬ 
creases, counterbalancing the SFR dependence and prevent¬ 
ing the IGIMF to reach masses very close to the empirical 
limit of 150 Mg. In fact, the bulk of chemical enrichment in 
this galaxy occurs in the first Gyr of its evolution; then, the 
age-metallicity relation becomes much more shallow and the 
main role is played by the SFR, which decreases very steeply. 
In Fig. [5] we report the age-metallicity relations predicted 
by assuming the different IMFs. The small fluctuations visi¬ 
ble in Fig. [5]are due to the bursting mode of star formation 
and the 

The core-collapse SN rate as a function of time is shown 
in Fig. [6] The progenitors of core-collapse SNe are assumed 
to be massive stars with mass M > 8Mq, which have very 
short typical lifetimes since star formation, in the range 
1 Myr < tm < 35 Myr. As one can see from the figure, 
the IGIMF predicts numbers of core-collapse SNe per unit 


time which are always lower than the ones predicted by the 
classical IMFs. On the other hand, among the IMFs here 
considered, the highest number of stars ove r the entir e high- 
mass range or iginate when assumi ng the IChabrie il (|2003l) 
IMF (see also iRomano et ~ahl l2005h . In fact, the IChabrierl 
ll2003h IMF for M > 1 Mq has a slop e Qchab. = —2.3 (see 
equation [Sj), which is flatter than the ISalpeter] (119551 / one 
(asai. = —2.35, see equation Q. F or thi s reason, the core¬ 
collapse SN rate with the lChabried (120031 / exceeds the other. 

In Fig. 0 we report the predicted Type la SN rate as a 
function of time. We assume Type la SNe to originate from 
white dwarfs in binary systems exploding by C-deflagration. 
We adopt the so-ca lled single-degenerate mod el , with the 
same prescriptions of lMatteucci fc Recchil (l200ll l. According 
to this particular progenitor model, a degenerate C-O white 
dwarf (the primary, initially more massive, star) accretes 
material from a red giant or main-sequence companion (the 
secondary, initially less massive, star); in summary, when 
the white dwarf reaches the Chandrasekhar mass, the C- 
deflagration occurs and the white dwarf explodes as a Type 
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Figure 11. In these figures, we comp are the predicti o ns of our models with different IMFs for the [Eu/Fe] and [Eu/O] versus [Fe/H] 
abundance patterns, when the yield of lCescutti et ahl lllOQfj ') are included. The latter assume the Eu to be produced by massive stars 
with mass in the range M = 12-30 Mg, which explode as core-collapse SNe. None of the models with these yields is able to reproduce 
both the [Eu/Fe] and [Eu/O] abundance ratio patterns at the same time. The various lines correspond to the same IMFs as in Fig. [3] 


la supernova (for more details, see iMatteuccil fioQlh . De¬ 
pending primarily on the mass of the secondary star, which 
is the clock for the explosion, Type la SNe can explode over 
a very large interval of time-scales since the star forma¬ 
tion, which can vary between 35 Myr and the age of the 
Uni verse. By lookin g at Fig. [7] the Type la SN rate with 
the IChabrieii (1200311 IMF dominates over the other two; in 
fact, the IChabried (|2003l l IMF predicts also a higher num- 
ber of low- and inte rmediate-mass stars with M > 1 Mq 
jRomano et al. 10 )- 


5.1 MDF and chemical abundances 


The stellar metallicity distribution function (MDF) pre¬ 
dicted by the model with the IGIMF has the peak at 
[Fe/H]= — 0.48 dex, close to t he positi o n of t he peak pre¬ 
dicted by the model with the ISalpeterl dl955l l IMF, which 
is at [Fe/H] = — 0.51 dex. Conve rsely, the [Fe/H] peak of 
the MDF with the lChabrierl (l2003l l IMF occurs at [Fe/H] = 
—0.26 dex, which is much higher than the other two values. 
This can be seen in Fig. [H] and it is due to the fact that the 
int egrated number of Type la and core-collapse SNe with 
the lChabrierl d2003l ] IMF is much higher than that predicted 
when assuming the IGIMF or the lSalneteid d 19551 / IMF (see 
Figs [6] and (T|. So, on average, fixing all the other parameters 
of the model, a quite enha nced iron polluti on from SNe is ex¬ 
pected when ad opting th e Chabrici] d2003ll IMF. Finally, the 
IGIMF and the lSalpeterl d 19551 / IMF predict a [Fe/H] abun¬ 
dance for the peak of the stellar MDF which is in agreement 


wi th the mean value ([Fe/H]) = —0.5 ± 0.2 dex, measured 
by I Cold ( |200ll Z for the Sgr main stellar population. 

In Fig. [9] we compare the predicted [a/Fe] abun¬ 
dance ratios as a function of the [Fe/H] ab u ndances wit h 
the observational da ta ofjBomfacio_etJd] d2000|, 120041 / . 
ISbordone et aid d2007l Z and lMcWilliam et aid d2013l i. We re¬ 
mind the reader that Type la SNe enrich the ISM mainly 
with iron (almost 2/3 of the total content) and iron-peak 
elements, whereas the a-elements are mainly produced by 
core-collapse SNe, which also provide some iron, typically 
~ 1/3 of the total. However, some a-elements, such as the 
calcium and the silicon, are also synthesized by Type la 
SNe, although in smaller quantities than those coming from 
core-collapse SNe. We have also to remark the fact that the 
fraction of the total iron content coming from Type II and 
Type la SNe depends on the assumed IMF and the afore¬ 
mentioned proportions have been calcu lated b y a ssum ing 
Salpeter-like IMFs (see for more details. rMatteuccill2014l 'l. 

By looking at Fig. [5] the overall trend predicted by 
assuming the three different IMFs is quite similar and 
it can be easily explained b y the so-called time-delay 
mode l (lMaTteucci_^^rocato| 1990|; iMatteucci fe Recchil 
l200ll : [Lanfranchi fe Matteuccill2004l 'l: the decrease of [a/Fe] 
at very low [Fe/H] is due to the very low SFR under play, 
which causes Type la SNe to be important in the iron pollu¬ 
tion when the ISM was not yet heavily enriched with iron by 
core-collapse SNe; then, the further steepening of [a/Fe] is 
due to the strong outflow rate. The fundamental role played 
by the so-called time-delay model in shaping the trend of 
the [a/Fe] ratios, as a function of [Fe/H], is shown in Fig. 
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Figure 12. In the top- and bottom-left figures, we co mpa re the predictions of our models with different IMFs for the [Eu/Fe] and [Eu/O] 
versus [Fe/H] abundance patterns, when the yield of llshimaru et ahl d2004f) are included. The latter assume the Eu to be produced by 
stars with mass in the range M = 8-10 Mq, which explode as core-collapse SNe. None of the models with these yields is able to reproduce 
both the [Eu/Fe] and [Eu/O] abunda nce ratio patterns at t he same time. In the top- and bottom-right figures, we show the predictions 
of our models when the Eu yields of llshimaru et ahl <|2004h are multiplied by a factor of 3; in this case, we can obtain a better results 
both for the [Eu/Fe] and the [Eu/O] abundance ratios, which can be reproduced by the model the IGIMF. The various lines correspond 
to the same IMFs as in Fig. [3] 


nm where we study the effect of suppressing Type la SNe in 
the chemical enrichment process. As one can see from the 
figure, if there are no Type la SNe, which are the most im¬ 
portant Fe producers in galaxies, a truncated IMF such as 
the IGIMF would never be able to reproduce the data by it¬ 
self. Furthermore, only by means of Type la SNe the galaxy 
can reach the observed [Fe/H] abundances. In fact, the pre¬ 
dicted trend reflects only the contribution of core-collapse 
SNe to Fe. It is only the contribution of Type la SNe that 
can explain the decrease of [a/Fe] ratios and produce the 
right amount of Fe. 

The position of the knee in the [a/Fe] ratios as a func¬ 
tion of [Fe/H] varies from galaxy to galaxy and it primarily 
depends upon the total mass of the galaxy, where the dSphs 
with larger mass exhibit the knee preferentially at higher 
[Fe/H]. We explain this fact by assuming higher efficiency 
of SF for dwarf galaxies of larger total mass, with the low 
mass ultr afaint dwarf spheroidals needing the lowest SF e f- 
ficiencies llSalvadori fc Ferrarall20flfll : IVincenzo et al]l2014h . 

By looking at Fig. [9] for a given value of [Fe/H], the 
model with the IGIMF predicts the lowest [a/Fe] abun¬ 
dances whil e the hi ghe st [q/ Fe] ratios are reached when as¬ 
suming the IChabrieil (120031 ) IMF. In order to obtain the 
same high values of [a/Fe] in a model with the IGIMF, 
one should slightly increase the star formation efficiency. 
This can be also explained by looking at Fi g. [6] from which 
one can conclude that the IChabrier (I2003O IMF predicts 


the highest core-collapse SN rates, whereas the IGIMF the 
lowest ones, over the entire galaxy lifetime. So in conclu¬ 
sion, given a partic ular value o f the galaxy gas mass fraction 
/r = Mg as /Mtot, the IChabrieil (j2003l ) IMF predicts the high¬ 
est metal content in the galaxy while the IGIMF predicts 
the lowest one. 

In Fig. 1111 we show the prediction s of our models with 
the Eu yields of ICescutti et all (l200dl for the [Eu/Fe] ver¬ 
sus [Fe/H] abundance ratio patterns. We remind the reader 
that in this case the Eu is assumed to be produced by core¬ 
collapse SNe in the range M = 12-30 Mq and the stellar 
yields were determined ad hoc to reproduce the observa¬ 
tional trend observed in the MW stars. We find that neither 
the IGIMF nor the classical IMFs are able to reproduce the 
observed data set when adopting those yields. 

IWanaio et al.l (|2003h and iMcWilliam et al.l (|2013l l pro¬ 
posed that Eu could be produced by core-collapse SNe whose 
progenitors are less massive than the stars more impor¬ 
tant in oxygen production, which have masses > 30 Mq. 
We tested this scenario in our chemical evolution model of 
the Sgr dwarf. T herefore, we have incl uded in our models 
the Eu yields by llshimaru et al.1 d 20041 ) from core-collapse 
SNe in the range 8-10 Mq. According to these yields, the 
Eu is produced as an r-process element, with = 

3.1 x 10~' Mq/M* being the fraction of Eu ejected by a 
star of mass M*. The results of t he chemical evo l ution mod- 
els which assume the yields of llshimaru et al.l J2004h can 
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Figure 13. In this figure, we comp are the [Eu/Fe] and [Eu/O] as functions of [Fe/H] as predicted by the IGIMF and by the classical 
ISalpeteJ dl955l) and lc'habrierl d2003T ) IMFs. The models which assume an Eu mass per NSM event Mkh.nSM = 1-0 X 10 5 Mg correspond 
to the thick coloured lines, whereas the models with Me Uj nsm = 3-0 X 10 —6 Mg to the thin grey lines. The line crossing in the top figure 
around [Fe/H] = —1.1 is due to SNe la, which in the case of the IGIMF and Salpeter IMF start to explode when the [Fe/H] abundance 
of the ISM is lower than in the case with the Chabrier IMF. The various lines within each set correspond to the same IMFs as in Fig. [3] 


be seen in Fig. 1121 where we show the [Eu/Fe] abundance 
ratio as a function of the [Fe/H] abundances, as predicted 
by our models with different IMFs. I n that figure, w e show 
also the results of models with the llshimaru et al.l l! 20041 ") 
yields artificially increased by a factor o f 3. We fi nd that the 
models with the original llshimaru et al.l (120041 '! yields are 
not able to reproduce [Eu/Fe] and [Eu/O] at the same time. 
In fact, while the [E u/Fe] ratio s can b e better explained by 
the models with the IChabrierl d2003l l IMF, because of the 
higher weight of the 8-10 Mg stars in this IMF, the high 
[Eu/O] ratios cannot be reproduced even by the model with 
the IGIMF, which pr edicts a lack of O. By increasing the 
llshimaru et al.l d2004T ) yields, we obtain a better result and, 
in principle, we could explain in this way the observed Eu 
abundances in this galaxy. 


Since the r-process nucleosynthesis is still debated in 
the literature, we also tested the case in which NSM events 
are the main responsible for the production of Eu in galax¬ 
ies, a hyp othesis which has received a large interest re¬ 
centl y (e.g. Menneken^&VanbeyerenlSOlJ^ Matteucci et aid 


12014 Ivan de Voort et aid 120151 : IWehmever et aid 120151 / . In 
Fig. 1131 the [Eu/Fe] and [Eu/O] ratios as predicted by our 
models with Me u ,nsm = 1.0 x 10 -5 Mg (thick lines) are 
compared with the ones predicted by our models assuming 
Meu.n sm = 3.0xl0~ 6 Mq (thin lines), as in lMatteucci et aid 
d2014h . In both cases, the truncation of the IGIMF strongly 
affects the predicted [Eu/O] ratios, which are always higher 
than the [Eu/O] ratios predicted with the standard IMFs. 
Our models with Me u ,nsm = 3.0 x 10 -6 Mq are still not 


able to reproduce the abundance ratios in the Sgr dwarf. 
The choice of the Me u ,nsm = 3.0 x 10~ 6 Mq derives from 
the best value quoted by Matteucci et al. (2014) to reproduce 
Eu in the solar vicinity: however, the yields of Eu per event 
can be as high as Me u nsm = 1.0 x 10~ 5 Mq , in agreement 
with the upper limit of lKorobkin et all (120121 ) and with cur- 
rent calculations ad opting more recent nuclear data (e.g., 
IWanaio et al.|[2014l) . With this value we can clearly better 
reproduce both the [Eu/Fe] and the [Eu/O] abundance ra¬ 
tios observed in this galaxy. Because of the mentioned still 
existing nucleosynthesis uncertainties and the small number 
of observations available for dSph galaxies and Sgr galaxy 
in particul ar, our results can only safely demonstrate that 
the idea of I Me William et al.l (120131 ) is correct and that the 
[Eu/O] ratio can be a possible diagnostic in future observa¬ 
tions and studies of chemical evolution. In this context, we 
do not wish to explor e all the possible combi nations for Eu 
production sites, as in lMatteucci et aD (I2014T) where models 
including both core-collapse and NSMs were considered. The 
paucity of data for Sgr, in fact, prevents us from drawing any 
conclusions on Eu produced in stars with mass as large as 
50 Mq, leaving their chemical signature at low metallicities. 
For the same reason, we cannot safely conclude anything 
about the time delay for the coalescence of neutron stars. 
To illustrate that, in Fig. 1141 we show what is the effect on 
the predicted [Eu/Fe] versus [Fe/H] relations of varying the 
delay time for coalescence from AfNSM = 1 Myr (top figure) 
to A£nsm = 100 Myr (bottom figure). We remark on the 
fact that these are extreme cases, given the uncertainty still 
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Figure 14. In this figure, we show the effect on the [Eu/Fe] versus [Fe/H] relations of varying the delay time for the coalescence of the 
NS close binary system from At^gM = 1 Myr (top figure) to 100 Myr (bottom figure). The various lines correspond to the same IMFs 
as in Fig. [3]and all the models assume a mass of Eu per NSM event = 1-0 x 10“ 5 Mg. 



[Fe/H] 


Figure 15. In this figure, we report the predictions of our models 
for the [O/Si] ratios (hydrostatic over explosive a-element ratios) 
as functions of [Fe/H], in order to ascertain if the data suggest a 
truncated IMF. The various lines correspond to the same IMFs 
as in Fig. [3] 


present in the delay time for NSMs (see lDominik et aPl2012l : 
Ivan de Voort et alj|2015h . 

In Fig. 1151 we show also the ab undance patterns 
of [O /Si]. Following the suggestions of iMcWilliam et all 
d2013l) . the truncation of the IMF can leave a signature in 
the hydrostatic over explosive a-element abundance ratios. 
The Si is an explosive a-elements and its stellar yields are 
not affected by the truncatio n as much as thos e of ox ygen. 
By looking at the Figure, the iMcWilliam et al.l (|2013l ) data 
for [O/Si] are well reproduced with the IGIMF, supporting 
the idea that a truncated IMF should be preferred in this 
galaxy. However, the data are still uncertain and prevent us 
from drawing firm conclusions. 

It is interesting to note that the dispersion in the 
[r-process/Fe] abundance ratios observed in the extreme 
metal-poor halo stars suggests that the frequency of r- 
process producers, per SN event, must b e ~ 5 per cent 
dMcWilliam et ahlll995l : iFields et al.ll2002l) . This could be 
considered as a support to the idea of NSMs as Eu produc¬ 
ers, since NSM binaries are a small fraction of the number 
of core-collapse SN ev ents (we assume qnsm = 0.02, as in 
iMatteucci et al.ll2014l ). 


5.2 Exploring the parameter space 

In Fig. 1161 we explore the effect of changing the model pa¬ 
rameter v in the [a/Fe] versus [Fe/H] abundance ratio pat¬ 
terns, when the metallicity-dependent IGIMF of R14 is as¬ 
sumed. The third dimension (colour-coding) in the figure 
corresponds to the SFRs under play and the parameter space 
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Figure 16. In this figure, we show what is the effect of varying the v parameter in the [a/Fe] versus [Fe/H] abundance pattern when the 
IGIMF is assumed. The colour-coded curves have been obtained by varying the SF efficiencies in the range v = 1 — 5 Gyr -1 , with the 
wind parameter fixed at the value A = 9 Gyr — L The colour-coding represents the SFR expressed in units of Mg yr 1 and the model 
with the lowest SF efficiency {y = 1 Gyr 1 ) corresponds to the lowest edge of the plot, while the model with the highest SF efficiency 
(y = 5 Gyr -1 ) corresponds to the highest edge. The black solid line, the do tted line i n red and the dashed line in blue correspond to the 
reference models with v = 3 Gyr -1 and A = 9 Gyr -1 with the IGIMF, the lSalpeteil (1 19 pol l and the iGhabrierl J'200-l ) IMFs, respectively, 
as shown in Fig. [0] also the data are the same as in Fig. [9] 


that w e explore is the one provided by lLanfranchi et all 
(120061) . with the SF efficiencies continuously varying in 
the range v = 1-5 G yr~ . We r emark on the fact that 
lLanfranchi et all (1 20061 ) assumed a lSalpeteil (Il955l ) IMF. 

By looking at Fig. 1161 by increasing the SF efficiency, it 
allows us to reach higher [a/Fe] ratios as well as higher SFRs 
at a fixed [Fe/H] abundance. Furtherm ore, the models with 
v = 3 Gy r -1 and A = 9 Gyr -1 with the lSalpeted (Il955l ) and 
IChabrien (120031 ) IMFs predict always higher [a/Fe] abun¬ 
dances than the models calculated with the IGIMF. This is 
due to the extremely low efficiency of formation of massive 
stars when the IGIMF is assumed for galaxies with very low 
SFRs. 

The effect of changing the wind parameter A is much 
lower than varying the SF efficiency v. For a fixed value of 
the SF efficiency, the time of the onset of the galactic wind as 
well as the [Fe/H] ratio of the ISM at that epoch are always 
the same. So different values of the A parameter affect the 
chemical evolution only after the onset of the galactic wind. 
Once the wind has started, both the [a/Fe] abundance ratios 
and the SFR decrease further. 

We have computed chemical evolution models of the Sgr 
dwarf with different stellar yield prescriptions, in order to 
provide a first estimate of the uncertainties due to the stellar 
yields. Our results are reported in Table [T] We have tested 
different sets of stellar yields besides those of I Romano et all 


(|2010l) . which we consider as the best in reproducing the 
solar vicinity abundance pattern. In particular, in addition 
to them, we have tested also: 


(i) the yields oflWooslev fc Weaver (1 19951 . with the correc¬ 
tions suggested by]Fran£ois_etjiL 2004 ) for massive s tars, 
and the yields of Ivan den Hoek fe Groenewegenl (Il997l ) for 
low- and intermediate-mass stars; 

(ii) the most recent yields from massive stars of the Chieffi 
and Limongi grou p (private communication), and the yields 
of iKarakasI (l20ld ) from low- and intermediate-mass stars. 


We find that the models with the lRomano et ah 1 (Hoia) set 
of stellar yields agree very well in the predicted [O/Fe] and 
[Si/Fe] abundance ratios with the models which include the 
recent yields of the Chieffi and Limongi group. On the other 
hand, there is still quite a large uncertainty in the stellar 
yields of Mg and Ca, which affect the results of our models 
for these two chemical elements; in particular, the final re¬ 
sults for [Mg/Fe] and [Ca/Fe] as a function of [Fe/H] may 
differ by almost 0.2 dex. 

In Table [T| we explored also the combined effect of dif¬ 
ferent IMF and stellar yield assumptions. We find that the 
effect of assuming different stellar yield s is almo s t sim ilar 
for [O/Fe] and [Si/ Fe], if we assume the ISalpeted (Il955l) or 
the lChabrierl ll2003l) IMFs. On the other hand, when assum- 
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Table 1. We report the differences produced in th e averaged abu n dance ratios by adopting different sets of stellar yields and different 
IMFs. ‘Romano’ stands for the yields adopted in I Romano et al 1 <201(4: ‘ C L’ stan ds for the yields of ChiefB and Limongi (private 
communication); ‘WW95’ stands for the set of yields with IWoosIevfc*Weaver! (1 19951) . as described in the text. 



A[Si/Fe] ± 0 - 

A[0/Fe] ± a 

A[Mg/Fe] ± cr 

A[Ca/Fe] ±a 

IMF: Salpeter 
Romano/CL 
WW95/CL 
Romano/WW95 

0.033 ± 0.007 
0.18 ±0.06 
0.15 ±0.06 

0.03 ± 0.02 
0.12 ± 0.04 

0.13 ±0.02 

0.22 ±0.03 
0.20 ±0.06 
0.08 ±0.04 

0.23 ±0.09 
0.33 ±0.13 
0.10 ±0.05 

IMF: Chabrier 
Romano/CL 
WW95/CL 
Romano/WW95 

0.047 ± 0.006 
0.18 ±0.06 
0.13 ±0.06 

0.05 ± 0.03 
0.11 ± 0.05 
0.12 ± 0.03 

0.20 ±0.03 
0.18 ±0.06 
0.07 ±0.04 

0.25 ±0.10 
0.34 ±0.13 
0.09 ±0.06 

IGIMF 

Romano/CL 

WW95/CL 

Romano/WW95 

0.10 ±0.07 
0.13 ±0.05 
0.14 ±0.08 

0.28 ±0.24 
0.24 ±0.21 
0.12 ± 0.04 

0.48 ±0.17 
0.48 ±0.30 
0.12 ±0.07 

0.11 ±0.07 
0.17 ± 0.11 

0.09 ±0.06 


ing the IGIMF, we find that our models become on average 
more influenced by the assumed stellar yields. 


6 CONCLUSIONS 


In this paper, we have tested the effects of different IMFs 
on the chemical evolution of Sgr dwarf galaxy. In particular, 
we have considered the IGIMF of R14, w hich depends on 
the metallicity and SFR, and the invariant ISalpeterl (Il955l ) 
and IChabrieif (120031 1 IMFs. We have run several models by 
studying the effect of the various parameters, such as the 
efficiency of SF and the wind parameter. 

We have compared different scenarios for the production 
of Eu. I n particular, we h a ve con sidered the recent NSM sce¬ 
nario of iMatteucci et ahl (|2014l ) and the canonical scenario 
in which Eu is produced by core-collapse SNe. 

Finally, we have studied the effect of different stellar 
yield assumptions on the predicted abundance ratio patterns 
in this galaxy and we have explored also the combined effect 
of varying both the IMF and the stellar yield assumptions. 

In what follows, we summarize the main conclusions of 
our work. 


(i) The IGIMF tends to predict lower [a/Fe] and [Eu/Fel 
ratios in ob jects with low S FR than the classical ISalpeten 
(Il955l) and Chabrier] ((20031 ) IMFs. In fact, in the case of 
the IGIMF, there is a deficiency in the formation of massive 
stars, which are the main contributors of the a-elements. 
The dependence of the IGIMF on the SFR is much stronger 
than that on the metallicity, which in fact could be ne¬ 
glected. Our results support the conclusion that the time- 
delay model is necessary to explain the trend of the [a/Fe] 
and [Eu/Fe] ratios as a function of [Fe/H]; furthermore, the 
assumption of a truncated IMF such as the IGIMF provides 
a better qualitative agreement with the abundance ratio pat¬ 
terns observed in the Sgr galaxy, although both the data 
and the stellar yields that we assume in our models are still 
too uncertain to draw firm conclusions. It is worth recalling 
that the effect of changing the IMF consists mainly in shift¬ 
ing the [X /Fe] (with X the abundance of a generic element) 
curves up or down along the T-axis, whereas the shape of 
the [A'/Fe] versus [Fe/H] curves is mainly determined by the 


lifetimes of the stellar producers of X and Fe and by the star 
formation history (time-delay model). 

(ii) The oxygen is the hydrostatic a-element which is most 
sensitive to the cut-off in mass of the IMF, while the explo¬ 
sive a-elements such as the silicon and the calcium are much 
less sensitive. So the hydrostatic over explosive a-element 
abundance ratios can retain a w ell-defined signature of a 
truncated IMF, as suggested by iMcWilliam et ahl (l2013l) . 
The O and Si are among the chemical elements which are 
less affected by uncertainties relative to their stellar yields; 
the results of our models, in particular the comparison of 
the [O/S il versus [Fe/H[ re l ation s predicted by our models 
with the IMcWilliam et ahl d2013l) data, might support the 
idea that the IMF in the Sgr galaxy is truncated, with the 
IGIMF being the favourite among the different IMFs here 
explored. However, again, the data are still too uncertain to 
draw firm conclusions. 

(iii) All our models with Eu coming from core-collapse SNe 
are not able to reproduce the [Eu/Fe] and [Eu/O] abundance 
ratios at the same time, unless the yields from stars in the 
range 8-10 Mg are artificially increased by a factor of ~ 
3. When including the Eu produced by NSMs as the only 
source of this element, we are also able to well match the 
data, by assuming yie l ds as suggested by recent calculation s 
dBauswein et al.ll2014l ; IWanaio et al.ll2014l : ljust et ahll2015l ) . 

(iv) Since NSMs, which are nowadays considered as more 
promising sites for Eu production, arise from stars which 
have an initial mass in a lower range than that of 
the most important ox ygen producers, the hypothesis of 
iMcW il ham et ahl (120131) remains true. Furthermore, we con¬ 
firm that in Sgr the truncation of the IMF might have played 
a relevant role in the [Eu/O] versus [Fe/H] relations, while 
the [Eu/Fe] versus [Fe/H] is due mainly to the time-delay 
model. 

(v) By exploring the parameter space, and in particular by 
studying the effect of the star formation and galactic wind 
efficiencies, we found that the major role in determining the 
final abundance pattern in Sgr galaxy is played by the star 
formation efficiency, while the wind parameter has only a 
small effect. 

(vi) The IMFs considered here are all able to reproduce the 
present time observed total HI mass. On the other hand, 
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the model with the IGIMF predicts final total stellar masses 
which are slightly larger than the ones predicted by the mod¬ 
els with the classical IMFs. This is probably due to the de¬ 
layed onset of the galactic wind in IGIMF models, because 
of the reduced energetic feedback from massive stars. The 
galaxy forms stars for a longer period and thus a large mass 
in long-living, low-mass stars can accumulate. 

(vii) The present results can be useful to study also other 
dSphs, since the history of these galaxies is characterized by 
a low SFR, which implies a truncated IMF in the formalism 
of the IGIMF theory. In a forthcoming paper, we will discuss 
the chemical evolution of Fornax. 

Our last comment is that combining the chemical evolu¬ 
tion models with the spectro-photometric ones might greatly 
help to better constrain the role and the effect of the IGIMF 
in the evolution of galaxies and that will be the subject of a 
forthcoming paper. 
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